Wavelengths, energy levels, ionization energies, line classifications, intensities and transition probabilities for Kr v through Kr XXXVI, with the exception of Kr XI through Kr XVII, are tabulated. No data have been published for Kr Xl through Kr XVII. These data are based on the energy levels compilation of Sugar and Musgrove [13]. Transition probabilities for selected M 1 lines have been reported and are quoted here. A short review of the line identifications and wavelength measurements is given for each stage of ionization. The literature has been surveyed through February 1995.
Introduction
We have undertaken publication of a series of compilations of spectra of highly ionized atoms of particular interest to the fusion energy community. These selected elements occur as impurities in wall materials of fusion machines or are specifically injected into the hot plasmas for diagnostics and plasma control. Much work on these spectra has appeared in recent years. We have critically compiled these data into single monographs for each element, including wavelengths, line classifications, intensities, transition probabilities, and a short review of the literature for each ion. We cite the uncertainties of the data as given by the authors. These rarely include the confidence level, but it is reasonable to assume that they represent at least one standard deviation of the measurements. We have previously published such compilations [1] [2] [3] [4] [5] [6] [7] [8] [9] forTi, V, Cr, Mn, Fe, Co, Ni, Cu and Mo (Z- [22] [23] [24] [25] [26] [27] [28] [29] 42) . The present compilation contains data for Kr V through Kr XXXVI, except for Kr XI through Kr XVII, for which no data have been 1578 SHIRAI, OKAZAKI, AND SUGAR published. One of the authors (T. S.) will supply Grotrian diagrams upon request from readers.
An relevant papers published through February 1995 were collected and critically evaluated, and the best measurements, in our judgement, were included in the tables. We also consulted the following comprehensive compilations: for wavelengths the tables by Kelly [10] , for forbidden lines arising within ground configurations of the type ns 2 np k (n=2 and 3, k=I to 5) the paper by Kaufman and Sugar [11] , and a review article by Fawcett [12] . Sugar and Musgrove [13] have published a critical compilation of energy levels of Kr in all stages of ionization. Their values are adopted for this compilation, except where superseded by more recent data. For the He-and Hisoelectronic sequences, only theoretical results are given since they are considered to be more accurate than the experimental values. The latter are cited in the brief review.
We caution that the intensity estimates in experimental work are usually visual estimates of relative plate blackening. There is generally no correlation between intensity estimates by different authors, or by the same author for widely different wavelength ranges.
We give wavelengths in air above 2000 A and in vacuum below 2000 A. For conversion of ionization energies from cm-I to eV, we use the conversion factor 8065.5410±0.0024 cm-1/eV given by Cohen and Taylor [14] . In the following section we give brief comments on each ion, including the accuracy of the wavelength data.
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Brief Comments on Spectra of Each Krypton Ion
Kr v (Ge sequence)
Ionization energy 52] 800 cm-I (64.7 eV)
The 4s 2 4p2-4s 2 4p4d and 4s 2 4p2-4s 4p 3 transition arrays were identified by Fawcett and Bromage [1] . They measured 29 lines in the range of 465-811 A with an uncertainty of ±0.03 A. More accurate wavelengths and an extended analysis were given by Trigueiros et af. [2] in the range of 434-910 A. They augmented the identifications to 50 lines, including revisions of classifications of a few lines in Ref. 1. Observations were made with a theta-pinch plasma source with a measurement uncertainty of ±0.01 A. We have adopted their results.
Kr VI (Ga sequence)
Ionization energy 633 100 cm -I (78.5 eV)
The 4s 2 4p-4s4p2 and 4s 2 4p-4s 2 4d transition arrays were identified by Fawcett et al. [3] in a Z-pinch plasma source. Trigueiros et al. [4] reobserved the spectrum more fully in a wider range of 450-960 A using a theta-pinch plasma source.
They classified seven lines in the range of 936-960 A as the 4s 2 4d 2D-4s 2 5p 2p O doublet. The uncertainty of their wavelengths is ±0.01 A.
Twenty-two emission lines, including intercombination transitions, from the terms of 4s4p2 4p, 4p 3 4S0, 2Do, 2p o , 4s 2 5s 2S, and 4s 2 4f 2p were identified by Tauheed et ai. [5] in a beam-foil spectrum in the range of 363 -1054 A. The uncertainty of their wavelengths varies from ±0.2 A to ±0.5 A. The spectrum was observed from 230-2540 A by Pagan et al. [6] with an uncertainty of ±O.Ol to ±0.005 A.
New values for the 4s4p2 2S level and the 4s 2 5p 2p~I2.312 were found, replacing those given in Ref. 4 . The 4s24f2FsI2.7121evels reported in Ref. 5 were revised and the designations were changed to 4s4p('PO)4d 2p in accordance with a calculation of the eigenvectors. The value for the 4p 3 2Pf12 level given in Ref. 5 was also changed. In addition to these corrections Pagan et al. [6] identified most of the levels of the 4s4p4d configuration and all but one of the 4s 4p 5s. They have reevaluated all of the energy levels with their new measurements and have given percentage compositions for them.
It should be noted that earlier works of Druetta and Buchet [7] and Livingston [8] are less accurate and incompatible with the level scheme adopted here. Ionization energy 895 300 em -1 (111.0 e V)
The first observation was reported by Fawcett et al. [3] , who identified the 4s 2 IS o -4s4p IPf resonance line at 585.37 A and the 4s4p 3p~_4p2 3P 2 line at 618.67 A in a Zpinch plasma discharge. The analysis was extended by Druetta and Buchet [7] , Livingston [8] , and Pinning ton et ai. [10] with beam-foil plasma sources and by Trigueiros et al. [11] using a theta-pinch plasma source. Trigueiros et at. [11] identified 22 lines as transitions between levels of the 4s 2, 4s 4d , 4p2, and 4s4p configurations with an uncertainty of :to.Ol A.
Their results are given here.
Trigueiros et al. [12] identified 17 new lines in the range of 200-2070 A comprising the n = 4-4, n = 4-5, and n = 5-5 transitions, with an uncertainty of :to.01 A. The n = 4-5 transitions were also observed by Bouchama et al. [13] The resonance doublet 4s 2S-4p 2I'" was first identified by Fawcett et al. [3] in a Z"pinch plasma and by Druetta and Buchet [7] , who also observed the three lines of the 4p 2pO_4d 2D doublet in a beam-foil spectrum. Livingston et ai. [15] [21] . Their tokamakplasma measurements have an uncertainty of ±O.OI5 A. The spectrum in the range of 92.2-102 A was reobserved by Kaufman et al. [22] with an uncertainty of ±0.005 A in a similar light source. They found four of the seven lines given by Wyart and the 1FR Group [21] and identified two new lines at 99.330 A and 102.001 A as the 3p 6 3d 2Dsl2.312-3pSepO)3d2CG) 2~12' CF) 21 We adopted their results.
Kr XX (CI sequence)
Ionization energy 6719000 cm-1 (833.0 eV) Four lines of the 3p 5_3p 4 3d array were identified by the 1FR Group and Wyart [26] with an uncertainty of ±O.02 A. Improved measurements were obtained by Kaufman et al. [25] with an uncertainty of ±O.OO5 A.
Kr XXI (S sequence) Ionization energy 7 129000 cm-l (883.9 eV) Six lines of the 3p c 3p 3 3d array were identified by Kaufman et aI. [27] with an uncertainty of ±O.007 A. They predicted energy levels of the 3p4 ground configuration and gave predicted wavelengths for the magnetic-dipole transitions: 3PO_3Pt. 3p2_3Pl> 3PI-1 D 2 , 3P 2 -'D 2 • and 3Pl-1 SO. Roberts et al. [24] ascribed the line at 1268.7 ±O.2 A observed in a tokamak discharge to the 3P2-3PI line.
Kr XXII (P sequence) Four lines of the 3p2-3p3d array were identified by the TFR Group and Wyart [26] in the range of 116- Kr XXIV (AI sequence)
Ionization energy 8476000 cm-! (1050.9 eV)
The 3s 2 3p-3s 2 3d, 3s3p2 arrays were identified by Wyart and the TFR Group [21] and the TFR Group and Wyart [26] in a tokamak discharge and by Stewart etat. [31] in a Z-pinch plasma. These transitions, except for the 3s 2 3p 2Pfl2-3s3p2 2Pl/2 at 132.44::!:0.02 A, were reobserved by Sugar et al. [32] with an uncertainty of ::!:0.0l A. An isoelectronic comparison of the measured wavelengths with Hartree-Fock calculations was made by them, and smoothed wavelengths were derived. We give these results. The smoothed wavelength corresponding to the 3s 2 3p 2P J12 -3s3p 2 2P 1I2 is 132.498 A, which is different by 0.06 A from the value of the TFR Group and Wyart [26] .
-Three 3s 2 3p 2po-3s3p2 4p intercombination transitions were identified by Jupen et ai. [33] with an uncertainty of ::!:0.02 A using a tokamak light source. The 2p J12 -4 pl/ 2 line at 242. 56 A is blended with the Mg-like intercombination transition 3s 2 ISo-3s3p 3Pf.
Kr xxv (Mg sequence)
Ionization energy 9287000 cm-1 (1151.4 eV)
Roberts et at. [24] identified the 3s3p 3P?_3P 2 magneticdipole transition at 1277. [33] , who ascribed the line at 129.420 A to the 3s3p 3P?-3s3d 3D 2 transition. The uncertainty of their wavelengths is ::!:0.02 A. The 3s3p IP~-3p2 3P 2 line at 217.03 A has a deviation of ::!:0.06 A from the value calculated with the levels [34] .
It should be noted that many wavelengths taken from Ref. 36 , especially those of blended lines, exceed the stated uncertainty of ::!:0.03 A, compared with wavelengths calculated from the level values adopted here.
Kr XXVI (Na sequence)
Ionization energy 9721 300 cm-I (1205.3 eV)
Hinnov [35] first identified the 3s-3p resonance doublet in a tokamak plasma. In adciition to this doublet, Wyart and the TFR Group [21] measured 12 new lines, including the 3p-3d, the 4j-5g, and n = 3-4 transitions. The uncertainties of the wavelengths above 100 A and of those below 100 A are estimated to be ::!:0.Gl5 A and ::!:0.03 A, respectively. Jupen et al. [33] identified the line at 165.12::!:0.02 A as the 3p 2p~I2-3d 2D312 transition. An isoelectronic comparison of the measured wavelengths of the 3s-3p, 3p-3d, and
3d-4j doublets with Dirac-Fock calculations was made by
Reader et al. [37] for Ar 7 + to Xe 43 +, and least squares adjusted (smoothed) wavelengths were derived. The overall uncertainty estimate is ::!:0.007 A. We give these results here.
An extended analysis using a Z-pinch plasma was given by Stewart et al. [31] in the range of 15-221 A. They reobserved the above lines and identified the n = 4-5, and n = 3-5 transitions with an uncertainty of ::!:0.03 A. Additional lines are taken from these results.
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The inner-shell 2p-3s transItIOns were observed by Burkhalter et al. [38] in the range of 7.3-7.6 A with a Zpinch plasma source. Two lines. 2p 6 3s 2S 112 -2p 5 3s 2 2p~/2.312 at 7.322:t0.003 A and 7.570:t0.003 A. are adopted here. The other 10 lines are not resolved. transitions was made by Buchet et ai. [39] , who identified 28 lines of these transitions in a beam-foil experiment. The uncertainty of the wavelengths ranges from :to.OS A to 0.2 A. The lines at 147.51 A. 158.45 A, and 170.SS A are tentatively identified. The last is confirmed in an isoelectronic study by Nilsen and Scofield [40] but the first is given as 149.77 A. We adjusted the level values of the 2p 5 3p eI2,%)f. 2p 5 3d (%.5/ 2 )'4, and 2p 5 3d ('/2.5/2)~ to 14283900 cm-I , 14399000 cm-I , and 14 858 300 cm -I. so as to get a better agreement with the measured wavelengths.
The 2s-3p. 2p-3s. and 3d transitions in the range of 6.3 -7.6 A were observed by Burkhalter et al. [38] and Gordon et al. [41] in a Z -pinch plasma and a laser-produced plasma, respectively. The wavelengths with an uncertainty of :to.OOS A are from Gordon eta!' [41] Kr XXVIII (F sequence)
Ionization energy 24760000 cm-I (3070 eV)
The 2s 2 2p 5 2p~!2.1I2-2s2p6 2S 1I2 transitions were identified by Wyart and the TFR Group [21] and reobserved by Dietrich et ai. [42] using a Z-pinch plasma source. In addition to observing these lines at 52.594:t0.020 A and 68.733:tO.030 A. in a tokamak plasma, Denne et al. [43] identified a line at 223.995:tO.030 A as the 2p~!2-2prl2 magnetic-dipole transition in the ground configuration. We adopted their results.
Burkhalter et al. [38] observed the spectrum in the range of 6.1-7.2 A with a Z-pinch plasma and identified the 2p 5_2p 4 3s, 3d, 2s 2 2p 5_2s2p 5 3p, and 2s2p 6_2p 6 3p transitions. We have changed the 2p 4 parent term of the 2p 43s configuration to 3P O • 3Pt. and 3P I for the lines at 7.123 A, 6.997 A, and 6.975 A, respectively based on our calculation of the percent composition of the levels with Cowan's code [44] . Concerning the 2p 5_2p 4 3d line at 6.449 A, we find no correspondence with a theoretical level. Wyart and the TFR Group [21] identified three lines of the 2s 2 2p 4_2s2p 5 array in a tokamak discharge. This array was augumented to seven lines by Dietrich We have tabulated the wavelengths calculated from the theoretical energy levels of Johnson and Soff [55] for the n '" 2 shell whose estimated uncertainty is ± 100 cm -1. Their energy differences are in close agreement with those of Mohr [56] . The binding energies for the levels with n = 2-5 have been calculated by Erickson [57] . We subtract Erickson's values from the binding energy of the ground state calculated by Johnson and Soff [55] to obtain corrected values for Erickson's levels. Erickson's value for 2s then differs from that of Johnson and Soff by 880 cm-I . Assuming that this is due to the omission of the QED correction by Erickson, and that QED scales as lIn 3 we estimate the error in 3s as e/3)3 x 880 cm-I •
Explanation of Tables of Spectroscopic Data
Kr v, Kr XXXVI, etc. According to spectroscopic convention, Kr I indicates the first spectrum, i.e., the spectrum of the neutral atom; Kr II denotes the second spectrum, belonging to the singly ionized atom; and so on.
H -Sequence, C-Sequence,etc.
Indicates that the respective Kr ion has the same number of electrons as neutral hydrogen, neutral carbon, etc.
IP C,T,P
Principal ionization energy of the tabulated ions in cm-l (eV).
Wavelength in A units (lO-scm).
Superscripts to the right of a wavelength value have the following meanings: C wavelength calculated from energy level data using the Ritz combination principle. T wavelength tentatively identified. P wavelength predicted along an isoelectronic sequence.
Classification
Standard spectroscopic designation for lower (first) and upper levels generating the spectral lines; electronic configurations followed by the term in LS-, jjor jl-coupling notation. The superscript .. " .. on the term indicates odd parity. A term enclosed in parentheses refers to an intermediate state. Where only the total angular momentum J is given in successive listings, the preceding configuration and term labels apply. Radiative transition probability in S-I. 1.23+ 11 means 1.23 X 1011.
References
Reference sources for the data. The numbers are keyed to the bibliographic listing following the tables. When several references are listed, they are distinguished by superscripts on the numbers as follows:
o reference from which the quoted wavelength is taken.
* reference for the adopted transition probability.
Ii reference from which the estimated intensity is taken. 
Spectroscopic Data for Kr v through Kr
